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$K$ $L$ $K$ n abel
$L/K$ $M$ $E_{M}$ $M$
$W_{M}$ $M$ 1
$E_{M/K}=\{\epsilon\in E_{M}|M/K$ $M$ $F$
$\mathcal{E}$ $F$ $W_{F}$ }
$M$ $K$
$E=E_{L}/W_{L}$
$P_{M}=E_{M/K}W_{L}/W_{L}$ $C$ $L/K$ cyclic
$P=\prod_{M\in C}P_{M}$
$E^{n}\subset P$ [8]
[E. $P$ ] $n^{rankE}$
$[E : P]$
$-$











$L/K$ Galois $G$ $G$




$n_{\lambda}=[G : G_{\lambda}]=[K_{\lambda} : K]$
$\Lambda_{\lambda}=\{\mu\in\Lambda|G_{\lambda}\subset G_{\mu}\}=\{\mu\in\Lambda|K_{\lambda}\supset K_{\mu}\}$








(i) $G_{\lambda}$ - $E_{L}$ $W_{L}$ $\mathcal{E}$







$E$ Z-torsionfree G-module Q- $E_{Q}$
$=E\otimes zQ$ $E_{Q}$
$Q[G]$-module $E_{Q}=\Pi_{\lambda\in\Lambda}E_{Q}^{e_{\lambda}}$





Lemma 2 $E_{L}$ $\mathcal{E}$ $W_{L}$ $R_{\lambda}$
2
$(i’)\epsilon$ $W_{L}$ $G_{\lambda}$ -
(ii) $\Lambda_{\lambda}$ $\lambda$ $\mu$ $\mathcal{E}$ $K_{\mu}$
$W_{K_{\mu}}$
Lemma 1 (i) Lemma 2 $(i’)$
Lemma 3 $P_{\lambda}\subset R_{\lambda}$ $P\subset R$
$[E : P]=[E : R][R : P]$




Lemma 4 $P=\Pi_{\lambda\in\Lambda}P_{\lambda}$ $R=\Pi_{\lambda\in\Lambda}R_{\lambda}$
.




Theorem 1 $r_{1}$ $r_{2}$ $K$
$K$ $K_{\lambda}$
M\"obius $\varphi$
$r_{\lambda}=\{\begin{array}{l}r_{1}+r_{2}-1\lambda i^{i}trivial^{\prime_{f}}P_{B}\text{ }(r_{1}^{\lambda}+r_{2})\varphi(n_{\lambda})k^{\tau}\grave{]}T^{t_{Jl}}\backslash\succeq g\end{array}$
$W_{L}$ $w$
$[R_{\lambda} : P_{\lambda}]$ $n^{r_{\lambda}}$ $w^{r_{\lambda}}$
Proof [8] $R_{\lambda^{n}}\subset P_{\lambda}$ Lemma 1
(i) Lemma 2 $(i’)$ . $R_{\lambda^{w}}\subset P_{\lambda}$ $P_{\lambda}$
rank $r_{\lambda}$ [8]
Theorem 1
Example 1 $n$ $w$ Theorem 1
$\lambda$ $[R_{\lambda} : P_{\lambda}]=1$
$[R:P]=1$





trivial 1 Lemma 2
$w\sqrt[K]{\epsilon_{i}}$ mod $W_{L}$ $R_{1}$
5
99
\Pi i $($ w mod $W_{L})^{a_{i}}$ $P_{1}$
$i$ $a_{i}\equiv 0$ mod $w_{K}$
$[R_{1} : P_{1}]$ $w_{K^{r_{1}+r_{2}-1}}$ $w=w_{K}$ (













$\lambda$ Lemma 2 mod $W_{L}$ $R_{\lambda}$
$\Pi_{i}(\sqrt[m]{\epsilon_{i}}$ mod $W_{L})^{a_{i}}$ $P_{\lambda}$
$i$ $a_{i}\equiv 0$ mod $m$









Theorem 1 best possible
Theorem 2 $W_{L}=W_{K}$ $\lambda$ trivial
$n_{\lambda}$ $w$ $p$ $[R_{\lambda} : P_{\lambda}]$
$p^{r_{1}^{\lambda}+r_{2}}$ $[R_{\lambda} : P_{\lambda}]=1$
Proof $R_{\lambda},$ $P_{\lambda}$ Z-torsionfree $[R_{\lambda} :P_{\lambda}]=[R_{\lambda}^{w} : P_{\lambda^{w}}]$
$P_{\lambda}^{+}=\{\epsilon\in P_{\lambda}|\mathcal{E}^{1-\sigma}\in P_{\lambda}^{w}\}$
$\sigma$ $G/G_{\lambda}$
$(P_{\lambda}^{+})^{1-\sigma}\subset P_{\lambda^{w}}$ $W_{L}=W_{K}$ $R_{\lambda^{w}}\subset$
$P_{\lambda}^{+}$
$[R_{\lambda} : P_{\lambda}]$ $[P_{\lambda}^{+} : (P_{\lambda}^{+})^{1-\sigma}]$
[8] $P_{\lambda}$ $P_{\lambda}^{+}$ $n_{\lambda}$-
$(r_{1}^{\lambda}+r_{2})$
$1-\sigma$ $1-\zeta$
\mbox{\boldmath $\zeta$} 1 n\mbox{\boldmath $\lambda$}
$[P_{\lambda}^{+} : (P_{\lambda}^{+})^{1-\sigma}]=\{N_{Q(\zeta)/Q}(1-\zeta)\}^{r_{1}^{\lambda}+r_{2}}$
$N_{Q(\zeta)/Q}(1-\zeta)$ $n_{\lambda}$ $P$ $P$
1
$P$ $w$ Theorem 1
$[R_{\lambda} :P_{\lambda}]=1$ Theorem 2
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Example 4 $q$ $\ell$ $q$ 4
1 $\zeta_{q}$ 1 $q$ $K=$
$Q(\sqrt{-1}, \zeta_{q}+\zeta_{q}^{-1})$ $M=K(\sqrt{\ell})$ $[M:K]$
$=2$ $rankE_{M/K}=r_{2}=(q-1)/2$
$M^{+}$ $M$ [3] Satz 22 (b)
$E_{M}=E_{M+}W_{M}$ \epsilon 1, . . . , $\mathcal{E}_{(q-1)/2}$
$E_{M/K}$ $M^{+}$
L=M($\sqrt{}$ , . . . $\sqrt{\mathcal{E}_{(q-1)/2}}$ )
$L/K$ abel $M$
$\lambda$ , Lemma 2 $\sqrt{\epsilon_{i}}$ mod $W_{L}$ $R_{\lambda}$
$\Pi_{i}(\sqrt{\epsilon_{i}}$ mod $W_{L})^{a_{i}}$ $P_{\lambda}$
$i$
$a_{i}$




Example 5 (cf. [6] Satz 13) $K$
$m$ $q$
$\ell$ $K$
$q\equiv 1+2^{m}$ mod $2^{m+1},$ $\ell\equiv-1$ mod $4q$
$q\ell$- $2^{m}$ cyclic X
$\zeta_{ql}$ 1 q\ell $1-\zeta_{q\ell}$ $X$
$\mathcal{E}$ $\mathcal{E}$ X $M=KX$
$L=M(\sqrt{\mathcal{E}})$ $M/K$ $2^{m}$ cyclic
$L/K$ $2^{m+1}$ abel $M$
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$\lambda$ , Lemma 2 $\sqrt{\mathcal{E}}$ mod $W_{L}$ $R_{\lambda}$
$\sqrt{\mathcal{E}}$ mod $W_{L}$ $P_{\lambda}$
2 $[R_{\lambda} : P_{\lambda}]$ 2






Theorem 3 $d_{\lambda}$ $n_{\lambda}$- $Q_{G}=$
$Q_{G}$
$[E : R]$ $(nQ_{G})^{r_{1}+r_{2}}$
Proof Herbrand $([4],[5])$ $L$ $r_{1}+r_{2}$
\epsilon 1, . . . , $\mathcal{E}_{r_{1}+r_{2}}$ $K$ $E_{L}$
$\rho$ : $Z[G]^{\oplus r_{1}+r_{2}}\ni(x_{1}, \ldots, x_{r_{1}+r_{2}})arrow\prod_{i=1}^{r_{1}+r_{2}}\epsilon_{i^{x_{i}}}$ mod $W_{L}\in E$
cokernel $Q$




$Q[G]^{\oplus r_{1}+r_{2}}\cong E_{Q}\oplus(kerp\otimes Q)\cong(E\oplus ker\rho)\otimes Q$
[1] $\wp$ $Q[G]$ maximal
order $Z[G]$-module A $A^{\wp}$ A max-
imal \wp -lattice $A\otimes Q\cong Q[G]^{\oplus m}$
$[A : A^{\wp}]$ $[\wp : Z[G]]^{m}$ A
$Z$ [G]-projective
$[E\oplus kerp :(E\oplus ker\rho)^{\wp}]$ $[\wp:Z[G]]^{r_{1}+r_{2}}$
$[E\oplus ker\rho : (E\oplus ker\rho)^{\wp}]=[E$ :
$E^{\wp}|[kerp :(kerp)^{\wp}]$ $E\oplus ker\rho$ projective
$ker\rho$ projective
[$E:E^{\wp}|$ [ $\wp$ : $Z[G||^{r_{1}+r_{2}}$
[6]
$\wp=\bigoplus_{\lambda\in\Lambda}e_{\lambda}Z[G]$ , $E^{\wp}=R$ , $[\wp:Z[G]]=nQ_{G}$
QG Theorem 3
$[E : R]$ $[R:P]$




Theorem 3 $[E :R]$ $n$
$[E : R]=1$
Example 7 $K$ Galois $L$ $K$ Galois
$n=2$ $QG=1$ Theorem 3 $K$




\epsilon 1, $\mathcal{E}_{2}$ $K$ $\mathcal{E}_{3}=\mathcal{E}_{1}\mathcal{E}_{2}$
$\tau$ Gal(L/Q) 3 $\epsilon_{i^{\tau}}$ mod $W_{L}$
$R$
$[E : R]=\{\begin{array}{l}2K\theta^{\dot{\grave{1}}}\exists Et_{A_{\backslash }}\#_{rb}^{J_{\backslash }\backslash }F\emptyset\succeq \text{ }4Kp_{\grave{\grave{1}}^{\sqrt{}}}\mu_{b}^{J\backslash _{\backslash }}\Leftrightarrow\emptyset\succeq g\end{array}$
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